Abstract Rheumatoid arthritis (RA) manifests itself in a variety of ways, with its effect being seen in around 90 % of sufferers' feet. The foot has been found to be the most common reason for incapacity in patients with RA, with the forefoot the most common area. The foot is second, behind only the hand, as the most common place for manifestation of RA. Pain in the foot is commonly the most debilitating condition, which causes the patient to seek specialist help. As well as pain, foot deformities such as hallux valgus and claw toes are common complaints. These symptoms often arise as a result of continued walking on an unstable foot, leading to painful callosities and dislocation of the metatarsophalangeal joints. Other conditions, such as pannus formation and Morton's neuroma, can be related to RA. This review sets out what we believe to be a successful approach to the rheumatoid forefoot, which aims at the relief of pain and the preservation of ambulation. Key to a successful outcome is appropriate medical control with a multidisciplinary approach that enables close liaison between orthopaedic surgeons, orthotists, and rheumatologists. Combined clinics provide this multidisciplinary care. Those treating RA need to be aware of the high incidence of foot involvement and how early intervention may benefit the patient. The aim of this article is to present current evidence to enable people to develop a treatment algorithm for this condition.
Introduction
Rheumatoid arthritis (RA) manifests itself in a variety of ways, with its effect being seen in around 90 % of sufferers' feet [1] . The foot has been found to be the most common reason for incapacity in patients with RA, with the forefoot the most common area [2] . The foot is second, behind only the hand, as the most common place for manifestation of RA [3] .
Pain in the foot is commonly the most debilitating condition that causes the patient to seek specialist help. As well as pain, foot deformities such as hallux valgus and claw toes are common complaints. These symptoms often arise as a result of continued walking on an unstable foot, leading to rupture of the collateral ligaments and migration of the plantar fat pads, causing painful callosities and dislocation of the metatarsophalangeal joints. Other conditions, such as pannus formation and Morton's neuroma, can be related to RA.
A variety of treatment options are available in treating the rheumatoid patients for their forefoot conditions. These range from conservative to surgical intervention. The aim of this article is to present current evidence to enable people to develop a treatment algorithm for this condition.
Pathophysiology
RA is a systematic inflammatory condition that is mediated by the interaction of antigens, antibodies, and complement and immune complexes. The cause of this condition remains unclear. Clinically, it presents with symmetrical erosive synovitis, commonly of the peripheral joints, which leads to progressive destruction and joint deformity. It affects approximately 1 % of the worldwide adult population, and its prevalence increases with age.
The deformities of the foot result from chronic synovitis, which causes capsular distension Classical deformities of the foot include dorsal dislocation of the metatarsophalangeal joints (MTPJ), plantar callosities, and hallux valgus deformity of the great toe ( Figs. 1 and 2 ). These deformities are the result of the inflammatory process, which leads to joint instability by the eventual rupture of the collateral ligaments and the plantar plates following the joint distension. In the MTPJs, the disruption of the soft tissues leads to the progressive instability and deformities seen in the RA foot. This instability is worsened by loading of the MTPJs while mobilizing, causing the plantar displacement of the metatarsal (MT) heads. The classic lesser toe deformities of RA occur due to progressive dorsiflexion of the toes during the gait cycle. Due to dorsal subluxation of the proximal phalanx, the interosseous muscles become ineffective extensors [4] . This leads to a flexor-extensor imbalance, leading to a flexible claw toe deformity that, without treatment, quickly becomes a rigid deformity, leading to the development of painful corns and calluses over the now prominent MT heads. Finally, the plantar plate ruptures at its proximal insertion and moves distally, leading to further plantar callosities [5] .
Foot biomechanics
Foot biomechanics and its understanding are important when treating the rheumatoid foot. Studies have shown that RA patients walk slower, have longer double support, and have a change to their ground angle [6] . The gait cycle can be described as three key components: weight acceptance, single limb support, and swing limb advancement. Key to the gait cycle is the three rockers of the foot as described by Perry [7] . The rockers are the heel rocker, ankle rocker, and forefoot rocker and are important in maintaining the propulsive force during the gait cycle.
Clinical evaluation
Despite the foot being a common source of pain and disability in RA, it is often overlooked in clinical assessment of the disease. In recent times, an improvement in medical management may improve the condition, and fewer patients may suffer the severe consequences seen in feet. Evidence of involvement of the forefoot is present on radiological studies in up to a third of patients on presentation with RA [3] . Plain radiographs and magnetic resonance imaging (MRI) has demonstrated this [8, 9] . As RA establishes itself, this can rise to around 90 % [10] , and approximately a quarter of all patients with RA will undergo surgery on their forefoot [11] .
The DAS 28 is a scoring system used to assess patients with RA [12] . This score is based on assessment of tenderness and swelling over certain joints. Interestingly, this does not include the foot in its assessment. De Jong et al. performed a study where they added a squeeze test across the MTPJs in their assessment using the DAS 28 [13] . They found that this had greater sensitivity for the assessment of disease severity in patients presenting with early RA. A study looked specifically at the use of scoring systems to suggest remission of RA and the presence of foot synovitis [14] . This study compared the 2011 remission criteria agreed upon by the American College of Rheumatologists (ACR) and the European League Against Rheumatism (EULAR) with the DAS 28. They found that remission in the presence of foot joint synovitis was lower in the 2011 criteria, which included assessment of the foot, than with the DAS 28. Van Tuyl et al. reinforced this when they found that up to 40 % of rheumatoid patients had activity in their feet when classified with the DAS 28, as compared with ACR/EULAR 38 joint classification [15] . The authors concluded that this has limited effects on the outcome of the disease in these patients, but we would urge caution on this, since they included only patients with 1-year follow-up. Radiological studies are often used by clinicians in their investigation of patients with painful joints. Many radiological tests are available to the clinician. The role of the simple radiograph cannot be underestimated as a quick and reliable method of evaluating the rheumatoid forefoot. In the assessment of any deformity, great value can be gained by weightbearing radiographs. Assessment of alignment of the forefoot to the hindfoot can be made on the lateral weightbearing radiograph.
MRI scanning has been found to have relatively good specificity and sensitivity in the assessment of patients with undifferentiated RA. Duer-Jensen et al. used the presence of bone oedema in their study and found that its presence in the MTPJ or the wrist joint in a patient who had undifferentiated arthritis was an independent predictor of future RA [16] . The main debate is focused around the use of musculoskeletal ultrasound and MRI of the plantar plates. The plantar plates are often affected in RA, and their rupture can account for large amounts of discomfort. Both ultrasound and MRI are excellent tools for evaluating this structure [17] . The advantage of MRI is that it allows the review of images in the clinic and can often be interpreted by the clinician, as well as the radiologist, while ultrasound requires a skilled radiologist and the images can be difficult for clinicians to read. The advantage of ultrasound is that it allows a clinical distinction to be made between asymptomatic lesions and symptomatic lesions, since the patients can reproduce the pain for the radiologists.
Medical management
Pharmacological control of RA remains the mainstay in the management of the condition. The current standard of care remains the medical management of this condition and is best carried out under the care of a rheumatologist and utilizing the varying medications available. The development of diseasemodifying antirheumatic drugs (DMARDs), as well as the development of newer biological agents, has revolutionized the management of this condition.
DMARDs represent drug such as methotrexate and sulfasalazine. These drugs are generally now offered to patients much earlier than previously, and current clinical guidelines recommend the prescription of such drugs ideally within the first 3 months of symptoms [18] .
The new biologics represent an advance in the management of this condition. These are antitumour necrosis factors and work by cytokine modulation. These are generally reserved for patients who have not responded well to DMARDs and still have active RA.
The controversy concerning these drugs is whether they should be stopped prior to and after surgery, as well as the length of time for which such stoppages should occur. Most surgeons would allow the DMARDs to be continued during the perioperative and postoperative periods. Evidence exists only for the use of methotrexate, however [19] . It is generally advised to stop the anti-TNF drugs prior to surgery, although recent evidence would suggest that this may not be necessary [20, 21] .
Nonoperative
While podiatry has a well-established role in diabetic care, its role in RA is less clear. This was highlighted by an audit of foot care in New Zealand, which found that access to podiatry was either poor or lacking [22] . This was further highlighted in a study in England, where only one third of RA patients received any form of intervention for foot problems [23] . It was found that older RA patients tended to be managed conservatively, while the younger cohort was more likely to be offered surgical intervention. Farrow et al. performed a systematic review of management of foot disease in RA and found that only orthoses had high-quality evidence of benefit [24•] .
The effects of RA on the forefoot can lead to changes in plantar plate pressure and altered motion of the foot. Gait analysis has shown that there are marked changes in patients with a painful rheumatoid foot, in particular with increased pressure under the 1st and 4th MTPJs [25] . The suggestion is that by correcting these forces and stabilizing the foot, this may slow or prevent the development of forefoot deformity. Critical reviews have so far not been able to show this to be the case [26, 27] .
A Cochrane review was performed to assess the use of custom-made orthotics in foot pain. One of the subgroups that were included in the study was patients with RA. They found that there was some evidence that custom orthoses made a difference in terms of rear foot pain, but the evidence failed to show any difference between supportive footwear and custom-made orthotics for metatarsophalangeal joint pain [28•] .
There have been randomized control trials that have assessed the used of orthotics in the management of RA and its forefoot manifestations. The first study looked at the use of custom orthotics over a 3-year period and failed to show a significant difference in the outcome, as compared with thin shoe insoles [29] . This is the longest of the four studies. This differs from the results shown in the other three studies. The issue with these three is that the length of the study was shorter in all three, with lengths of 30 months, 2 months, and 12 weeks [30] [31] [32] . These studies showed that there was a significant reduction in reported pain in the group using orthotics, as compared with the standard treatment arm. They suggest that the use of orthotics may have a role in those patients who have mainly a painful forefoot. A problem that undermines the success of orthotics is the low rate of compliance. It has been reported to be as low as 36 % in the rheumatoid population [33] .
There is evidence that footwear modifications can improve the mobility, pain, and function of RA patients with manifestation in the forefoot [34] . This result was also seen in a study by Magalhaes [35] . A major criticism of both of these studies is the small study population and short-term follow-up.
The aim of any custom-made orthoses is to reduce vertical pressure and shear forces passing through the foot. It is an essential requirement that the foot be flexible in order to use corrective orthoses. In the presence of a flexible foot deformity, an orthotic needs to incorporate posting, a more rigid material to control and limit the movement, while a rigid deformity needs a softer orthotic for comfort. Outer shoe modifications have also been found to be useful in the management of the painful rheumatoid foot [36] .
Surgical management
The aim of any surgical treatment on the foot is to provide relief from pain, to restore ambulation where possible, and to allow for comfortable footwear. Surgical options are many in the rheumatoid forefoot. Numerous procedures have been described with varying degrees of success. The importance in surgical decision making is to understand the deformity and respect the soft tissues, while not forgetting the overarching issues of the disease process itself and its biological sequelae. It is also important to treat the patient bearing in mind the systemic manifestations of the disease, as well as the medication the patient is on. These are key to achieving a good outcome in the surgical management of the rheumatoid forefoot.
One of the first procedures described for the management of the rheumatoid forefoot was a resection arthroplasty of the MTPJs by Hoffman in 1911 [37] . This is still an accepted method of management today. Other types of resection arthroplasty have also been described focusing on the 1st MTPJ by Hueter [38] , Mayo [39] , and Keller [40] . Resection arthroplasty was first popularized for the management of RA in 1963 by Clayton [41] . In 2001, Fuhrmnn et al. presented their retrospective series on the results of resection arthroplasty of the 1st MTPJ in RA patients [42] . They had used a combination of Keller's procedures and the HueterMayo technique, with an average of 7.9 years of follow-up in 278 patients. Their overall results are superior in patients treated with the Hueter-Mayo technique than with Keller's procedure, with a statistical difference between the two. Walking ability was not improved particularly in either group. They conclude that Keller's procedure should no longer be recommended, since the Hueter-Mayo technique provides superior results. Poor results in terms of recurrence of deformity and pain have been described for these procedures [43, 44] . However, more recent studies using MTPJ resection have found higher rates of satisfaction and pain relief [45, 46] . Despite this, a study by Hattori et al. showed that deformity and deterioration of the hallux occurred following resection arthroplasty in rheumatoid patients [47] .
One of the more commonly performed procedures that have been shown to both correct deformity and relieve pain is the 1st MTPJ fusion. This is often used either in isolation or as a combined procedure with lesser MTPJ resection arthroplasty. The advantage of this is that it provides a permanent correction of the deformity, while also providing pain relief of the joint. It has been shown that this method of reconstruction restores weight bearing along the medial border of the foot. Dwyer popularized this method after observing that the effects of lesser MTPJ excision was only shortlived [48] . Mann and Thompson further popularized it by using dorsal incisions and advocating Kirschner wire stabilization for the lesser toe deformities [49] . Coughlin reported his results of using 1st MTPJ fusion with lesser MTPJ excision and found this method to provide good to excellent results in 77 % of the feet operated on [50•] . In one of the few randomized control trials, Grondal et al. found that there was no difference between 1st MTPJ fusion and resection when using the Mayo technique [51] . Kadambande et al. reported the results of 3 years of their method, which involved MTPJ fusion and lesser MTPJ resection, with good results in terms of pain relief, function, and subjective relevant outcome measure [52] . Van der Heide showed that their results for correction of lesser toe deformities were greatly improved when performed with a 1st MTPJ fusion [53] .
Another surgical option described in the literature for the management of the RA forefoot is distal-joint-preserving surgery. The Lapidus procedure is one such operation [54] . The Lapidus procedure involves fusion of the first tarsometatarsal joint. Its main use is in patients with a hypermobile 1st ray. Shi et al. described their modified technique for the Lapidus procedure in patients with RA [55] . They achieved good to excellent pain relief in 80 % of patients. These results were echoed by Popleka et al. in their study [56] . They concluded that the Lapidus procedure may be useful as a preventive surgery. This suggestion is one we take with caution, due to the risks of surgery in this patient population and, in addition, the fusion of a seemingly normal joint proximally. Joint-preserving surgery has gained popularity in this patient group. Some feel that with modern DMARDs, there are less erosive changes seen in the RA feet, suggesting that the role of MTPJ fusion and arthroplasty may be appropriate only for the severe cases [57] . Barouk has made this a popular method of treatment for some RA patients [58•] . They proposed the use of a Weil osteotomy, which elevates the metatarsal head, combined with extensor tendon lengthening. The advantage of this osteotomy is that it is biomechanically more stable than other proposed proximal osteotomies [59] . Niki et al. published the results of their combined joint-preserving surgery [60] . The patients in this study had early or intermediate RA. They concluded that this kind of surgical approach to RA forefeet provided better correction of deformity, function, and cosmesis. The disadvantage of these joint-preserving procedures is that they involve technically very demanding surgery. Despite the promising results reported by Barouk [61] , these results have not been replicated by others [62] .
Joint replacement has been used in the 1st MTPJ with varying degrees of success. Developed in the 1960s primarily as a treatment for either hallux rigidus or hallux valgus, its use has been controversial. Its perceived advantage over fusion is that it allows for a degree of flexibility in the joint. High complications have been reported as a result of implant failure, osteolysis, and cock up toe deformities [62, 63] . Despite this, there are a few series that have shown promising results with this method, reporting high patient satisfaction [64, 65] . The success of this arthroplasty is felt to be due to its acting as a spacer, and the joint is stabilized by a fibrous reaction [66] , although the procedure has also been related to high rates of synovitis [63] , leading to suggestions that it should be abandoned.
Debridement of plantar callosities has been shown to have some clinical benefit [67] . If the callosity is found to be irritant, then debridement will offer some pain relief. In one of the few randomized control trials, Davys showed that the role of debridement was limited and offered little benefit, as compared with sham procedures [68] .
Synovectomy has been found to be a useful surgical option in other areas of the body. Very little has been published on synovectomy in the forefoot. This is often the result of presentation of the patients, once the inflammation has settled, with the resultant deformity. One study has suggested that there may be a role for synovectomy of the MTPJs [69] , although others have suggested that synovectomy may not prevent subsequent deformity in the ankle or forefoot [70, 71] .
One issue which remains relevant to all surgical methods of treatment of RA feet is the incidence of infection. Kadambande showed a rate of 7 % in their series, which would correspond well with the results of other series on rheumatoid feet [52, 72] . Rate of infection may be dependent on surgical approach, as well as the pharmaceutical agents used to control the RA. It has been reported to be as high as 39 % [73] . We would suggest that longer periods of protected weight bearing to stabilize the wounds may reduce the overall infection rate.
Authors' Preferred method
The approach to the rheumatoid forefoot depends on the condition of the foot and the problems the patient is reporting. We prefer to follow an algorithm that involves progression of treatment options, leaving surgery as a last resort. We rely on the provision of custom orthotics for the management of early rheumatoid patients. When patients are unable to mobilize without pain and there is evidence of progressive deformity, we favor the use of fusion to deal with issues relating to the 1st MTPJ, and if the lesser toes are involved, we perform excision arthroplasty on them. We prefer the use of a plantar elliptical skin excision approach to excise the lesser metatarsal heads. This is a safe and easy surgical approach, since the metatarsal heads have subluxed into the sole of the foot in most cases. It also helps to excise calloused skin, which, by the process of dermadesis, helps to decrease the severe clawing deformity at the lesser MTP joints. All patients under surgical management are also routinely assessed by their rheumatologist both pre-and postoperatively, if required. We have found that this surgical approach offers excellent pain relief, improvement in the function and mobility of the patients, and improvement in the patient's subjective relevant outcome measure (Figs. 3  and 4) . In a series of 88 feet in 59 rheumatoid patients, we have shown that this method provides excellent results [52] . Complications were low and related mainly to superficial wound infections, which remain an issue in the rheumatoid patient. We currently would give high-risk patients a 3-day course of prophylactic antibiotics and would keep them protected for weight bearing in a heel-bearing shoe for up to 6 weeks following surgery.
Conclusion
The successful approach to management of the rheumatoid forefoot involves a multidisciplinary approach with close liaison between the orthotists and rheumatologists. Combined clinics will offer the patients the ability to have this multidisciplinary care. Those treating RA need to be Fig. 3 Postexcision, showing the plantar incision aware of the high incidence of foot involvement and how early intervention may benefit the patient. It is crucial to be aware of the very significant systemic, pharmacological, and immunological issues when treating these patients, and the multidisciplinary approach with rheumatologists and orthotists is paramount in optimizing the safe surgical management of these patients.
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